Study Design: Retrospective case series. Purpose: To determine the incidence of cervical radiculopathy requiring operative intervention by level and to report on the methods of treatment. Overview of Literature: Cervical radiculopathy is a common cause of pain and can result in progressive neurological deficits. Although the pathology is well understood, the actual incidence of cervical radiculopathy at particular spinal levels ultimately requiring operative intervention is unknown. Methods: A large consecutive series of patients operated on by a single surgeon were retrospectively analyzed. The incidence of cervical radiculopathy at each level was defined for every patient. Procedures used for operative treatment were noted. Health related quality of life (HRQL) scores were collected both pre-operatively and postoperatively. Results: There were 1305 primary and 115 revision operations performed. The most common primary procedures performed were anterior cervical discectomy and fusion (ACDF, 50%) and anterior cervical corpectomy and fusion (ACCF, 28%). The most commonly affected levels were C6 (66%) and C7 (62%). Reasons for revision were pseudarthrosis (27%), clinical adjacent segment pathology (CASP, 63%), persistent radiculopathy (11%), and hardware-related (2.6%). The most common procedures performed in the revision group were posterior cervical decompression and fusion (PCDF, 42%) and ACDF (40%). The most commonly affected levels were C7 (43%) and C5 (30%). Among patients that had their index surgery at our institution, the revision rate was 6.4%. In both primary and revision cases there was a significant improvement in Neck Disability Index and visual analogue scale scores postoperatively. Postoperative HRQL scores in the revision cases were significantly worse than those in the primary cases (p<0.01). Conclusions: This study provides the largest description of the incidence of cervical radiculopathy by level and operative outcomes in patients undergoing cervical decompression. The incidence of CASP was 4.2% in 3.3 years in this single institution series.
Introduction
Cervical radiculopathy is a common cause of axial neck and arm pain, and is characterized by symptoms that radiate to the upper extremities in a dermatomal distribution. The sensory symptoms can also be accompanied by weakness or altered reflexes depending on the level(s) involved. Nerve root impingement can be secondary to an acute disc herniation, or also from chronic spondylosis and/or instability with impingement from uncovertebral osteophytes, hypertrophied facet joints, and decreased disc height.
A population-based analysis in Rochester, Minnesota, reported an annual incidence of cervical radiculopathy of 107.3 per 100,000 for men and 63.5 per 100,000 for women with a peak at 50 to 54 years of age [1] . While most cases are self-limited, some are refractory to conservative care. When patients have failed non-operative management, a variety of procedures can be used to treat cervical radiculopathy depending on patient and surgeon factors. These include anterior cervical discectomy and fusion (ACDF), anterior cervical corpectomy and fusion (ACCF), posterior cervical decompression with or without fusion (PCDF), or cervical disc arthroplasty (CDA). In the Rochester series, 26% of the 561 patients underwent surgery within three months of the diagnosis [1] .
What remains unknown, however, is the incidence of cervical radiculopathy at particular spinal levels that ultimately require operative intervention. This study examined, to our knowledge, the largest single-surgeon series of consecutive patients to define the incidence of cervical radiculopathy by level, and to report on the various methods for operative treatment.
Materials and Methods
Institutional Review Board approval was obtained prior to initiating this study. A consecutive series of patients operated on by a single surgeon from 2000 to 2010 for cervical radiculopathy were retrospectively analyzed. Cervical radiculopathy was defined as sensory symptoms (pain, numbness, or paresthesias) and/or motor symptoms attributed to compression of one or more cervical nerve roots. All patients had undergone and failed conservative management including (but not necessarily limited to) oral pain medications, immobilization, physical therapy, epidural or selective nerve root injections, or traction. Patients that had previously undergone cervical spine surgery for radiculopathy and needed revision surgery were included and separately analyzed.
For each patient, detailed demographic data was collected, and the incidence of cervical radiculopathy at each individual level was defined. Procedures used for operative treatment were also noted. Health related quality of life (HRQL) scores including Neck Disability Index (NDI) and visual analogue scale (VAS) for neck and arm pain were collected both pre-operatively as well as postoperatively.
Overall summary statistics were calculated in terms of means and standard deviations for continuous variables and frequencies and percentages for discrete variables. Group differences for continuous variables between groups were calculated using independent samples t-test (or Mann-Whitney U test if the assumption of normality was violated). Chi-squared or Fisher exact test were used for evaluating differences in categorical variables.
Results

Primary cases
There were 1,305 primary and 115 revision operations performed during the study period (Table 1) . Of the primary procedures, 659 were men and 646 were female; 381 had previously undergone an operation at an outside institution and 924 had no previous cervical spine procedures. The most common levels affected in primary cases were C6 (66%) and C7 (62%), while the least commonly affected were C2 (1.5%) and T1 (4.9%). The distributions of levels affected were similar in both men and women ( Table 2 ).
The number of affected and treated levels increased as age increased in primary cases. In patients undergoing primary surgery, patients <40 years of age had, on average, 1.53 levels operated on, while patients >60 years of (Table 3 ). C6 and C7 were the levels most commonly operated on.
The most common procedure performed among the primary group was ACDF (50%) ( Table 4) . Less commonly performed were ACCF (28%), posterior cervical decompression +/-fusion (PCDF, 19%), and anterior cervical discectomy and arthroplasty (ACDA, 3.1%). Patients undergoing primary surgery who had posterior-only procedures had an average of 2.6 levels operated on compared to 2.0 levels in patients undergoing anterior or anteriorposterior procedures (p=6.9×10 -10 ). Patients who received ACDA were on average younger than patients who had ACDF, ACCF, or a posterior procedure (44.9 years ACDA vs. 51.3 years other procedures, p=0.002).
Considering only the 381 patients that had previous cervical spine surgery elsewhere but were having their first procedure performed at our institution, the most commonly affected levels were similarly C7 (58%) and C6 (45%). The most common procedure performed in this cohort of patients was also ACDF (42%). A higher percentage of these patients had PCDF (37%) reflecting the fact that these patients had already had a previous surgery (almost universally an ACDF) done elsewhere. Thirtynine of these patients had to have a subsequent revision procedure after their first procedure done at our institution for an overall revision rate of 10.2%.
Revision cases
Ninety-eight patients underwent 115 revision procedures, with nine patients having multiple revision procedures (Table 1) . There was no difference in the number of levels operated on when comparing patients <40 years of age (1.67 levels) and those >60 years of age (1.79 levels) (p=0.87) ( Table 3 ). In the revision setting, C5 was the level most frequently operated on in patients <40 years of age, while C6 and C7 were the most frequently levels operated on in those patients >40 years of age. Reasons for revision were clinical adjacent segment pathology (CASP, 63%), pseudarthrosis (27%), persistent radiculopathy (11%), and hardware-related (2.6%). CASP was equally split, affecting either more cephalad levels or more caudad levels (50% each). The most common procedure performed in the re- Percentages reflect involvement of a particular level with respect to the total number of patients. And percentages add up to greater than 100% because multiple levels were often involved in the same patient.
vision group was PCDF (42%), followed by ACDF (40%), ACCF (13%), and ACDA (4.7%) ( Table 4 ). The most commonly affected spinal levels were C7 (43%) and C5 (30%), while the least commonly affected were C2 (0%) and C3 (7.0%). Notably, there were more posterior procedures done in the revision setting compared to primary procedures.
However, the approach varied significantly depending on the indication for revision surgery. In cases performed for pseudarthrosis, PCDF was performed at 75% of the affected levels compared to ACDF at 22% of the affected levels. In contrast, in cases performed for adjacent segment disease, ACDF was performed at 52% of the affected levels compared to PCDF at 29% of affected levels.
Considering only the 924 patients that had primary surgery at our institution, 59 of these patients had 66 revision procedures for an overall revision rate of 6.4%. Revisions were performed in 4.2% for CASP and 1.7% for pseudarthrosis (at 3.3-year average follow-up). Of these revision procedures, 40% overall were ACDF and 39% were PCDF. Again, however, the procedures performed were markedly different depending on the reason for revision. For pseudarthrosis, 93% of procedures were PCDF. For a diagnosis of CASP, however, only 23% had PCDF and the remainder had an anterior procedure (56% ACDF, 12% ACCF, and 9% ACDA). Further, the revision rate varied significantly depending on the primary procedure (p=0.02) (Table 5) , with a relative risk of 2.8 of needing a revision after a PCD compared to ACDF. There was no increase in revision rate for patients that were smokers (8.2% smokers vs. 5.5% non-smokers, p=0.12) or patients that were diabetic (7.1% diabetic vs. 6.3% non-diabetic, p=0.81).
In both primary and revision cases there was a significant improvement in NDI, VAS neck, and VAS arm scores postoperatively compared to pre-operatively. However, the postoperative HRQL scores in the revision cases were significantly worse than those in the primary cases (p<0.01) ( Table 6 ).
Discussion
Cervical radiculopathy can be a disabling disorder causing upper extremity pain and weakness. While most cases are self-limited and resolve with conservative treatment [1, 2] , some eventually require operative intervention. Here we present the largest reported series of patients to date who were operated on for a diagnosis of cervical radiculopathy by a single surgeon (K.D.R.) at a single institution. The levels most often affected were C6 and C7. The most common primary procedure performed to treat radiculopathy was ACDF (50% of cases). However, in revision settings a posterior decompression and fusion was utilized more commonly, especially in cases of pseudarthrosis after a previous anterior procedure. In this large single-institu- Values are presented as number of level (%). ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy and fusion; PCDF, posterior cervical decompression +/-fusion; ACDA, anterior cervical disc arthroplasty. ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy and fusion; PCD, posterior cervical decompression; PCDF, posterior cervical decompression and fusion; ACDA, anterior cervical disc arthroplasty. tion series, the overall revision rate was 6.4% for cases where the index procedure was performed at the same institution. CASP was the most common reason for revision surgery comprising 4.2% of cases at 3.3-year followup. Revisions for pseudarthrosis were performed in 1.7% of the cases.
Levels affected
In our series of patients who underwent operative treatment of cervical radiculopathy, C6 and C7 were the most commonly affected levels. This is consistent with the findings of several previous studies showing that the C5-6 and C6-7 disc levels are the most susceptible to degenerative disease and resulting nerve root impingement [3] [4] [5] .
In a small series of 40 surgical patients, C6 and C7 were the most frequently involved levels [6] . These studies are also consistent with biomechanical work examining the kinematics of the cervical spine, which demonstrated that C5-6 and C6-7 are the levels of maximum flexion and extension and subject to high loads [7, 8] . Interestingly, there is also data showing anatomic variability between spinal levels that may account for the higher incidence of symptomatic radiculopathy at C5-6 and C6-7. Cadaveric dissections in the lower cervical spine revealed that at the C5-6 and C6-7 levels the intervertebral disc has an "axillary" relationship to the nerve root, which may have an increased propensity for symptomatic compression compared to the C7-T1 disc, which usually had no direct contact with the C8 nerve root [9] . Consistent with this, there was a much lower incidence of C8 radiculopathy needing surgery compared to C5-7 in our patient series (Table 1) .
Choice of procedure
There is no evidence for a single superior surgical approach and/or technique to treat cervical radiculopathy. ACDF has traditionally been used with great success for the treatment of cervical radiculopathy from spondylosis [10] . An anterior approach allows for restoration of cervical lordosis and spinal stabilization through fusion, and allows easy access to anterior compressive lesions, such as central or paracentral disc herniations or uncovertebral osteophytes, without the need for neural retraction. ACDA has also been shown by several groups to be a successful motion-preserving technique for the treatment of cervical radiculopathy [11] . An anterior foraminotomy has also been described, however, the long-term results for this procedure have been controversial and so it was rarely utilized in our series. A posterior laminoforaminotomy, similarly avoids the potential complications associated with fusion, such as pseudarthrosis, and to some extent adjacent segment degeneration. This can also be done through minimally invasive techniques or traditional open techniques with good results [12, 13] . Instrumented fusion via a posterior approach can also be performed with the use of segmental screw fixation. In this study, 50% of the primary procedures performed for radiculopathy were ACDFs, with 81% of all procedures being done via an anterior approach (ACDF, ACCF, and ACDA). In our practice, we have reliably had success using these techniques as this approach allows central and foraminal decompression, as well as indirect foraminal decompression via distraction with an interbody graft or implant in addition to direct uncinatetecomy when necessary. However, we performed the latter only in cases with neurologic deficits associated with severe foraminal stenosis due to uncinate hypertrophy given the increased risk of vertebral artery injury.
In contrast, a posterior decompression and fusion was used much more frequently in the revision setting, especially in cases of pseudarthrosis. If there is cervical radiculopathy with minimal central stenosis or significant spondylosis, a posterior foraminotomy is also a good option providing the benefit of directly visualizing exposing, and decompressing the nerve root without needing to proceed with fusion. Ideal patients for an initial posterior decompression are those with soft lateral disc herniations, or those that are at increased risk for complications with a fusion. In our experience, patients who would benefit from a posterior foraminotomy will have a positive Spurlings maneuver and improvement with forward flexion, neck rotation to the contralateral side with arm elevation. Ultimately, the procedure chosen should be one that the surgeon is comfortable performing, addresses the relevant pathophysiology causing neural compression, and provides consistent and reproducible results. Our results in performing mostly anteriorly-based procedures in primary cases represent our institutional bias. When an anteriorly-based procedure failed secondary to pseudarthrosis, the decision was made to go to a posterior procedure to increase stability without having to remove the anterior instrumentation and to avoid operating through scarred tissue. However in cases of CASP, we usually performed
